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(57) Abstract 

PROBLEM TO BE SOLVED: To 
provide a MOS field-effect 
transistor which can control its 
threshold voltage and can operate 
at a high speed by suppressing 
enhanced diffusion of boron (B) at 
the time of fabricating the 
transistor. 

SOLUTION: The MOS field-effect 
transistor has a buffer layer 1 5 
formed on a semiconductor 
substrate 1 1 and containing 
borons(B) as impurities, a channel 
layer 1 7 provided on an upper 
side of the buffer layer 1 5, a cap 
layer 21 provided on an upper 
side of the channel layer 17, a 
gate oxide film 23 and a gate 
electrode 25 sequentially provided 
on the cap layer 21. In the 
transistor, there is disposed a 
carbon introduction layer 1 9 
between the channel layer 1 7 and 
the cap layer 21 as a trap layer 
19, which contains carbon(C) 
atoms for trapping interstitial 
atoms generated in the vicinity of 
an interface between the gate 
oxide film 23 and the cap layer 
21 , at the time of forming the 
gate oxide film. 
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(Dmi?-i^m^it5 0 A (5nra) tu ^-yi^^Mm^m 

Xfl'2X 1 020 (cm-3) ti-^o rrt:-|i. CKDh^-y 
ymi 9{i:*— J}^> (C) i mX'h^<DX-:f3~yf^ 

> (c) *As imth^^^o 
[0 0 4 1] Wc:r(^);*-7jf>^AS i m 1 9±{-. M 
m:^:^tLXS iH4 it/G e H4 iSP^(Dm^ii 

;^^ffll/^T9^-t^vUS (S i Ge^) 17<^3lS^tC, 

S 1 Gegl 7(7)IS¥{i«ajx{il OOA (lOnm) i: 
S i G e S 1 7 ^-f^G e iSjSfi^JxJfm^JtS 
f : Ge = 3 : 1 tfi^Xo\^irh^ 

[0 0 4 2] m^^<r>S i Gegl 7 ±.\Z.m^iJ:^S i 
H4 ;!!f;^^fflV^T^^y:7°S i)i2 1 ^i5ij;tli\ 1^5 
OA (5nm) T'3if ^'dfiy^/U^ft^itS (1212 

(B) ) o 

[0 0 4 31 m^mid\L\^^^^-vm'm2z^^^ 

2/7°S i)i2 lifC^'iJxfiS OA (5nm) WJD^-eJFM 
tfSOOOA (SOOnm) (ZJl^T'^J^- h®fft:)^2 3± 
— hafii2 5^ff^fifei-S (13 2 (C) ) „ 

[0 0 4 4] Wiks K^;r-^K ^miMH^ (y 

>'^ifl^^ -ttOflfeSflgCD^aatrffoT, S i Ge pMOS 

[0 0 4 5] J!ii±<75^&{Cj; l9{^fifeL7tS i G e pMO 
SFETcO^<y:7r-S i^l 5't'{C{i;^7— 7jfV;iS3|EA 

i4< b*(if5 1 0 0 % t I? . ^' o ^-fil^&T^igtcUx * 
9. jE?L^:^-r-5o Z.<Dtcit>. FET(DL#vMjSaE 
**JW-5ri:355T*#. *7tS i Gegl 7(0^-ir^/^ 

ALfcS i^l 9Sr^(tTl/^-5o ::0;ti— ;}^:x;6sy- h 
Sffbll 2 3 <DW^fm^m±-r^W:>M^<D h^^y^tL 

m^nnev \ ZCDfztbr^'a l^(DmMi!m^&5<'^ t i)^X 
#-5o Lfc;iSo-C^-Y^vi^l^-T:-fc^ S i Gegl 7tc 

50 .toTS i Ge^-^^/UOiiJjSttSri^o, -fT*^*?*, 

F E TOffi3$Iibf^Sr^or i: ?.o S/c. S i G e 

51 7±tC:3f-^->7°S iS2 1 ^tTfe"?. rtlfcj; 
"9</-hSS{bB#{-S i Gegl 7 ^^f ti" S ' ^ ^155 

y- h^tJlll2 3 4"^G e r^A"? iitP^OSrBSCr ir 

[0046] <^ 3 (Dmmmm>^3 (ommmm t 

tS iGemt^'^yZfS i JiW3Sd^ibJieoTV^'50iJ 
<SrlA0^i-.5„ m 3 1 1 {CT 7^ ^ yflJIc 1 3 
/SLfct^, ^^-y^T-SlS. SiGeSl7. ^^r-y 
7°^ 2 l^|i|lJ!*:^Tii/£:^j*T-^f^'^->^/Uj^ft$ii:. 
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LAcltJgf^tOlllfEEl-efcSo SiGe»17<k^ 
•r5'^M2 1 icolfffitc;*;— *f:^2 Ttm^^^tiX^^^ 

mmi^^ms (a) *3j:t)qi3 (b) -c^u /^^^r 

— m 5iS i GeHl 7i:(Z)#ffi(;i*— /}^V2 7;6Sig 
A^nTV^-5<im^l213 (C) *5j;uqgl3 (D) T*^ 

[0047] 1113 (A) tCTjrtfllitflsfiS iCegl 7 

iO :/2 7$rff?t^-yr. 113 (B) (d^rrfltitmiS i G e 
ai 7«c:;3!;— 4t>2 7*#?S$-^-CV^5o fcfc'U HI 

3 (A) *3j;tjqa3 (B) (D\,^'rin(7ymmhm^(m 

miSjiXm^^-hh. ioT:*— 7}<>'2 7(1S i Geg 
1 7 t^^'y-yM2 l©ii^gtc:Sfc7)^oT?¥&LTi/^T 
*fc. 1113 (C) {C^^i-«itft:{i^<2/7T-S 
1 5i:S i Geifl 7i:<7)|fEOS i Ge^l 7M-* 
— /-J<i^2 7^#?£^iJ:. 113 (D) (c:^frrtgitf*:(i/<5/ 

7r— Si 5Wc:*— /}tV2 7^#i5E$-fr-CV^-5c rco 

»^t.iii3 (A) *5j;tjqii3 (B) (Dm^tm^m^ 

20 t^hiJ— if-l^ 2 7 ^^<yyr~M\^hS \Gem\ 7 
[0 0 4 8] ::cDi5^cffl^^p5nTv^6:*— 5J<V2 7t> 

[0049] <^A(o-m^mm>^A(Dmimwmt 

LT. MO S F E T gfl^O^tit^^Jia! Lfc^fficOJl^flgi: 

ii'>LS7:e?)^i**(fSo i2i4(ir(Z)^a<o^xm^ 

[0 0 5 0] ^l<^^<Off^fl8tlWim-LT. S 

iSISi i±(c. |!E*n(Ofi^^fflv^TTi^7"^'y^Bl^i 
3^jf^^-r5 (E14 (A) ) „ M^. S^i i^ift^iS 

Lfcm. 0iJx.(iU H V - C VD^g^fflV <: -y 7 r - 

iz-r/i'iSftS-tiSo rw:^, S«?ES^mfi5 7 4 
"CirU *fcS iH4 ;tf;^*5J:t/B2 He iiy^(DmitU 

ffH0»JxtflOOA (lOnm) t U Ji^'o^-ilSfi^iR 
^^7 {4*1 Ol8 (cm-3) 

[00 5 1] <«5c(czcO^JTi4S i H4 J:U^. 0iJx. 

ecu (fflJfifb^s^) *5J:t/. CBr4 m% 
AS iSl 9^/<y7r-S im \ 5 ±{Cj1S?6<]{C, 0ij 

xtistsffi^s 7 4t:T-^e^dp>>^r/wj7fe«^-fr5. r 

(75;^— /-JtV^AS i « 1 9 Ofli)l(4^Sj;t(4* 1 0 0 A ( 1 
Onm) ;*-^Vit^(40il;t{f 2X 1 020 {cm-3) 

50 t-t^o 
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[0 0 5 2] <i*:fc:r(D;*-^>'jiAS i 9±{cmn 
;!f ;^ <!: LT S i H4 :^:^^fflV\ ^-r-yy^S iJi2 1 ^ 
^Jxfi. 10 OA (lOnm) oBKf:T*^t''^=^->^.'^^S; 
(EI4 (B) ) . 

[0 0 5 3] m^msii\:i^^'o^-hmm2 3^^^ 

i/'T'S i*S2 1 0 OA (1 Onm) COmJW-X" 

0i|^f«3OOOA (3 0 Onm) <^li^T-y- h®KLI8l2 

^:Lt\^i:*)^~Ymm2^t:W^im-^ (124 

to ) o 

[0 0 5 4] ^<^. f'-f K!?;«— /K ^MKmi^ O' 

[0055] |JiJbO:*r&»c<t I? f^^KLfcMO S F E TO 

1 0 0 % i: /j: t) > ci l^\-mt=HtLm^'^ t) . E7L^ 
#-5, Sfc. *:>^2^ALfcS igl 9^l3:^tTV^ 

7t— S 1 5fc:*-Ctt:ii:$tL7icv\ roTtfejKnv 

1 9±{c:^-^s/>^S iS2 x-^rniXM. wtul;iJ:>9 
hg?{kB*{c:;57-#>^AJi 1 9 ^SKtrTS r i €rl5S 
#\ y- h®KtM2 S'f--;^;— *f>'/6SA'9j2itf0^rll5C 

[0 0 5 6] <^50||;^(7)ff^^>m50||Ji£(7??!^iii: 30 

5o ESIiSISl 1 (cT^'7=--i'y^l^l 3^ffMbfc 
y<yy7~m \ 543j;t/=3ri'i/7'B2 1 ^HiiSk^f ii 

T'fc^o */c. y<yy7-mi 5t^^y^m2 1 to 
2 7 /45#A$ttTV ^-5«it^*^la 5 

(A) *Jj:0«|g|5 (B) -C^LTV^5o 

[ 0 0 5 7 1 la 5 (A) -C7rrrtgitft:{i^^ -> :7 r -S 1 40 
5 i =3r -y T^S 2 1 (D^ao^af 2 1 

:y27^mE^'t. E15 (B) (D«itfls:»±^^-;/7r-® 
1 5«c:*-7K>2 7^#?5E$-a:-Cl^5o fcfcU El 5 

(A) *3j;oqii5 (B) <Dmmmm^<7^imisi:xm 

^^t^j. ioT;*— #V2 7(i>'<-y7r— Si 5i:^ 

[0 0 5 8] rOj;5{cffllMbtLTl.^-5;^7— *!V2 7 t) 
•9. «Al?.-i^OtetS:^|5^<-1S«i|^^/ci-o *^c. ^-r y 50 
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7')i2 l{C±oTy-h^tM2 3f {c?Fi^!j^ASA'3)i 
[0 0 5 9] 

(B) ^^'rndtL-x-m^-r^y^yyT-mt. z<Dy< 

tl-S-^t =¥-^ ^*x.5MO S F E TfflOTtfe^- 

^^v^-c. h7 5/^I^^--efe5;f7-*V (c) ^^ts^hy 

4-^'9—7.7-^-y^)vm~'^(DVyv-:^hi-ii'0. ^^4^T' 
^^Tf^x:i:yt^M^X^icvx:\,^'^/<yyT—M^<o^^-y9— 

/M^^iSfe^b. l,fz.t^r>X F E TOi^iiKlf^SrSi^i-^ 

[0 0 6 0] *fc. /<.y7r-St;^7-4<>'*AMi:{* 

^:Lii\t.t£<. j}?n 10 0 %{c:i*o 
ri:*5-e#5o ^(Dfzib. -h9-FET(DL#^>«:miE^ 
$iJW-Sri:;eiST'#5. 
[0 0 6 1 1 dr^ 2/7^I^Wi^ii3E#)Sr^ALT 

F E T CO L V Mtlff ^$y^ < fj: 5, 
[0 0 6 2] *fc, ;!7-*V(i*-*f>-2gAei: LXM 
A't^m:>'OKy<yyr—Mt^\^^^Mt(r)nM. *> 

J;v\ 

[0 0 6 3] ^fc. ^^Wft^SIS-hf-'J^DV'^^ltl^i: b 

•^-yySirSrflrX-SMOSFETfflOTtfilt-JSV^T. 
yyr-mt^^y-fmh(oWi\^ hy y^t LT;??- 
jJ^^^AJi^iattT t J: V \ 
[0 0 6 4] *;rc, ^<2/:7r— Bir^-^'yT'litolfB 
i,z:fy-:^^>^^^-itXh^\'\ 

[01] (A) ~ (c) itmi(r>w&<mm(DWLmiz&i 
■r^wmti^jamiX'h^o 
[112] (A) ~ (c) (tm2<Dm^ffymm(m.m\m 

[US] (A) ~ (D) {•i.m(D^(7>mmffMm{cm 
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[114] (A) ~ (c) it'm4(Dm<mm(Dmmim 
m5] (A) t3cfca« (B) ii^5(Dm&mm<Dmm 

11: (Si) m^R 
1 2 *: 'Mm^ 

, imii 

J 2 1,3 12 

(A) </______J/ 
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1 3 : T^T-^zfmm 

1 5 : /<yyr~ (Si)® 
1 7 : ^-y^vUS (S i GeS) 

1 9 : YyyZfm U3—!fs>m-X (S i) ^) 

2 1:^^ yZfm U • ¥-Z^S i M) 

2 5 : y- h«® 
2 7 : 



m2\ 



(A) 




(B) 
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12 : ^wm. 

15: (S i) O 



n : S 

13 : T^7^-< l^fiBia 
17 : ^ (S i G e/g) 

IB : V^v^m iti~7fsy^X (Si) S) 

23:>^-hS<tia 25: y-hSe 
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(10) #P?flq^lO-9 30 7 6 
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